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IncRNA ZFAS1 contributes to the radioresistance of nasopharyngeal carcinoma
cells by sponging hsa-miR-7-5p to upregulate ENO2
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5 ABSTRACT
Previous research revealed that lncRNA ZFAS1 could promote nasopharyngeal carcinoma (NPC) by
inhibiting its downstream target axis. However, the association between ZFAS1 and radioresistant
NPC cells is unclear. This study aimed to explore the roles of ZFAS1 in the radioresistance of NPC.
Bioinformatics analysis was conducted to identify the significant factors (ENO2 and miR-7-5p) that

10 contributed to the radioresistance of NPC cells. After performing qRT-PCR analysis, we found that
the expression of ZFAS1 and ENO2 was upregulated in NPC cells but that the miR-7-5p expression
was downregulated in the same samples. Apart from that, we noticed that ZFAS1 inhibition
enhanced the sensitivity of NPC cells to radiation therapy by repressing cell proliferation and
promoting cell apoptosis. Subsequently, we found that ZFAS1 could sponge miR-7-5p to upre-

15 gulate ENO2, which was the target of miR-7-5p. Experimental results also indicated that the
suppression of miR-7-5p inhibited the sensitivity of NPC cells to radiation therapy, thereby
suppressing ENO2 expression. Overall, our findings suggested that ZFAS1 contributed to the
radioresistance of NPC cells by regulating the miR-7-5p/ENO2 axis and that ZFAS1 might be
a potential therapeutic target for addressing the radioresistance of NPC cells.
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Introduction

Nasopharyngeal carcinoma (NPC) can be described
as a type of malignant tumors found around the end
of the nose and the back of the throat. Even though

25 this malignancy is rare around the globe, the morbid-
ity and mortality rate in China is relatively high com-
pared to other nations [1]. The prognosis of patients
with NPC is usually poor due to its early distant
metastasis [2,3]. Epstein-Barr virus is often considered

30 as a risk factor in the development of NPC, and other
important risk factors of NPC include smoking, eat-
ing nitrosamine dietary, long-term exposure to che-
mical carcinogens, and genetic susceptibility [4,5].
Today, radiotherapy is themain treatment for patients

35 with NPC [6,7]. Nonetheless, the prognosis of NPC is
still poor for a number of patients with radioresistant
cells [7,8]. Therefore, it crucial to discover how to
reverse the radioresistance of NPC patients.

Long noncoding RNAs (lncRNAs) refer to RNA
40 molecules with more than 200 nucleotides in length

and with the ability to regulate gene expression at
multiple levels [9]. Recent studies have shown that

lncRNAs are involved in many crucial regulatory
processes, including X-chromosome silencing, geno-

45mic imprinting, chromatin modification, transcrip-
tional activation, and transcriptional interference
[10–14]. Located at the chromosome 20q13.13 with
the exon count of 5, IncRNA ZFAS1 was first discov-
ered in breast cancer [15]. Some studies reported that

50the expression of ZFAS1 contributed to the metastasis
of hepatocellular carcinoma, prostate cancer, color-
ectal cancer and esophageal squamous cell carcinoma
[16–19]. In our previous study, we found that lncRNA
ZFAS1 promoted the growth of samples with NPC

55[20]. However, we are yet to demonstrate whether
ZFAS1 could influence the radioresistance of NPC
cells.

MiRNAs have been found to play an essential role
in the growth of many cancers, including pancreatic

60cancer, breast cancer, prostate cancer, colorectal can-
cer, gastric cancer, lung squamous cell carcinoma,
and ovarian cancer [21–27]. The involvement of
miR-7-5p in human cancer has been fully investi-
gated in the last six years. However, the participation
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65 of miR-7-5p in the radioresistance of NPC has never
been studied. In 2019, a team of researchers docu-
mented that miR-7-5p was upregulated in clinically
resistant cell lines HeLa (cervical cancer cell lines)
and SAS cell lines (oral squamous cell carcinoma)

70 [28]. In addition, the controversial roles of miR-7-5p
in chemo-drug resistance have been reported in
human hepatocellular carcinoma [29], cervical can-
cer [30], breast cancer [31], and small cell lung
cancer [32]. Nonetheless, scientists are yet to unravel

75 whether miR-7-5p could enhance the radioresistance
of NPC tissues.

ENO2 can be referred to as an enzyme found
in mammals [33]. ENO2 was majorly located in
mature neurons and was found to be highly

80 expressed in such cancers as glioblastoma, neu-
roendocrine prostate cancer, and renal cell carci-
noma [34–36]. The development of cancer was
also discovered to be associated with the devel-
opment of dynamic metabolic patterns [37,38].

85 During the occurrence and development of
tumors, the main metabolism pattern of tumor
cells is glycolysis [39]. This metabolism pattern
helps in accelerating the proliferation of tumor
cells and developing tumors [40]. A study showed

90 that the level of glycolysis metabolism gradually
increased during the development of liver cancer
[41]. Another research documented that glycoly-
tic inhibitors, in conjunction with chemotherapy,
could improve hepatocellular carcinoma treat-

95 ments [42]. We performed a bioinformatics ana-
lysis and found that ENO2 was associated with
glycolytic and the HIF pathways in radioresistant
NPC cells. Evidence in the literature review also
confirmed that the expression of ENO2 could induce

100 the expression of glycolysis-related genes and pro-
mote glycolysis progression, thereby enhancing the
resistance of leukemia cells to chemotherapy [43].
Furthermore, a report suggested that ENO2 was
a responsive gene of HIF, which participated in the

105 development of tumor growth [44]. In short, we
identified ENO2 to be a potential downstream effec-
tor of miR-7-5p and predicted that this isoenzyme
might be involved in the radioresistance of NPC cells.

We aimed in this paper to explore the roles of
110 ZFAS1 in the radioresistance of NPC cells. We

hypothesized that IncRNA ZFAS1 could contribute

to the radioresistance of NPC cells by sponging hsa-
miR-7-5p to upregulate ENO2. We also predicted
that ZFAS1 might be a potential therapeutic target

115for addressing the radioresistance of NPC cells. Our
research is relevant in that it could provide better
and effective long-term NPC treatments for patients
with radioresistant cells.

Materials and methods

120Tissues collection

Fifty-five patients who were diagnosed with NPC
in West China Hospital, Sichuan University parti-
cipated in this study. This research was approved
by the Ethics Committee of West China Hospital,

125Sichuan University. NPC tissues and adjacent
healthy tissues were frozen before the experiments
were performed and before clinical characteristics
were recorded. The collection procedure and the
use of tissues were done according to the ethical

130standards developed by the Helsinki Declaration.
The clinical characteristics of the participants are
summarized in Supplementary Table 1.

Cell culture

Cell lines were bought fromBeNa Culture Collection
135(China), such as human NPC cell lines (SUNE-1,

5–8 F, HNE-3and C666-1 cell lines) and non-
tumoral nasal mucosal epithelial cell line NP-69.
SUNE-1, 5–8 F, HNE-3and C666-1 cell lines were
cultured in RPMI-1640 media supplemented with

14010% FBS (fetal bovine serum).

RNA was detected by real-time quantification
PCR

The total RNA was first isolated using TRIzol
reagents (DP501, Tiangen Biochemical, China).

145After checking the purity of RNA, the RNA was
reverse-transcribed into cDNA using a cDNA synth-
esis kit (KR211, Tiangen Biochemical, China). Next,
the expression of lncRNA ZFAS1, miR-7-5p and
ENO2 mRNA was analyzed using the SYBR Green

150PCR Kit (FP411, Tiangen Biochemical, China). U6
acted as a reference gene for miR-7-5p, while
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GAPDH served as a reference gene for lncRNA
ZFAS1 and ENO2 mRNA. The primer sequences
are displayed in Supplementary Table 2.

155 Cell fractionation

The Invitrogen PARIS Kit (ThermoFisher, AM1921,
USA) was utilized to separate and purify cytoplasmic
and nuclear RNAs. This process was done according
to the instructions of the manufacturer. Also, the

160 expression levels of lncRNA ZFAS1, GAPDH (cyto-
plasmic control) and U6 (nuclear control) were
examined using qRT-PCR.

Cell transfection

Si-ZFAS1-1, si-ZFAS1-2, miR-7-5p inhibitor, ENO2
165 siRNA (si-ENO2), and si-NC were designed and

synthesized by Tiangen Biochemical (Beijing,
China). After the confluence of cells reached 60%,
the Lipofectamine 2000 Transfection Reagent
(ThermoFisher, 11668027, USA) was used to trans-

170 fect the plasmids into target cells (SUNE-1 andC666-
1 cell lines).

Luciferase reporter assay

Constructed plasmids containing wild type or
mutant type of lncRNA ZFAS1 and ENO2 mRNA

175 were purchased from Tiangen Biochemical (Beijing,
China). These plasmids were then transfected into
SUNE-1 and C666-1 cell lines (60% confluence)
using the Lipofectamine 2000 Transfection Reagent
(ThermoFisher, 11668027, USA). Next, miR-892b

180 mimics were co-transfected into the cells with the
samemethod. After 48 hours, the cells were gathered
and lysed with lysis buffer. The dual-luciferase repor-
ter assay system (GeneCopoeia, LF031, China) was
also used to analyze the relative luciferase activity.

185 RNA pull-down assay

This experiment was performed using Magnetic
RNA-Protein Pull-Down Kit (ThermoFisher, 20164,
USA) according to the manufacturer’s instruction.
First,miR-7-5p, antisense oligo, andmiR-7-5pmutant

190 were labeled with biotin, which could bind to the

streptavidin magnetic beads. The lysates of SUNE-1
and C666-1 cell lines were then incubated with biotin-
labeled miR-7-5p, antisense oligo, and miR-7-5p
mutant. It was observed that only biotin-labeled

195miR-7-5p could bind to the target in a RISC depen-
dentmanner. Then, the incubated lysate samples were
allowed to pass through the streptavidin magnetic
beads. The elusion was done using the non-
denaturing Biotin Elution Buffer or SDS-PAGE

200Loading Buffer. Finally, qRT-PCR analysis was per-
formed to measure the expression of lncRNA ZFAS1
or miR-7-5p in the elution.

CCK-8 assay

Cell Counting Kit-8 (CCK-8) was purchased from
205Dojindo Laboratories (Kumamoto, Japan) to deter-

mine the cell viability of NPC cells. The 3 × 103 cells/
well cells were seeded in 96-well plates overnight.
Next, the cell viability of the samples was detected
within a certain range of radiation doses (0, 4, and

2108 Gy). After that, the cell viability of each group was
detected at four different periods (24, 48, 72 and
96 h). 10 μL CCK-8 solution was added to every
well before the cells were incubated for 2 h. The
absorbance of the cells in every well was eventually

215read at 450 nm using an ELISA plate reader.

EdU assay

The proliferation level of NPC cells under radia-
tion (8 Gy) was determined using EdU assay. More
specifically, the EdU Apollo DNA in vitro kit was

220used to perform this experiment and was bought
from RIBOBIO (C10341-3, Guangzhou, China).
First, 4 × 103 cells/well cells were seeded into 96-
well plates with irradiation. After 48 hours of
incubation, 3 random fields under a fluorescence

225microscope were selected, and the EdU positive
cells were counted. The EdU positive rate (EdU
positive cell number/DAPI positive cell number)
represented the proliferation condition of the cells.

Flow cytometric apoptosis assay

230Flow cytometry was employed to detect the apoptosis
ability of the samples. SUNE-1 and C666-1 cells were
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irradiated (8Gy) and cultured in a 60mmculture dish
for 72 hours before the commencement of the experi-
ments. Briefly, the cells suspended (1 × 105 cells) were

235 inserted into each tube and centrifugalized to lose the
culture media. The cells were then washed twice with
cold PBS. Next, the cold PBS was removed. After that,
100 µl 1 × binding buffer (Beyotime, China) was
added to the cells, and the cells were re-suspended.

240 5 µl Annexin V (Beyotime, China) and 5 µl PI
(Beyotime, China) were diluted with 100 µl 1 × bind-
ing buffer, and the solutionwas then added to the cells
in the absence of light. The mixture was subsequently
incubated for 15 min. 300 µl 1 × binding buffer was

245 later added to the cells, and the cells were re-
suspended again. The cell suspension was then
moved to 5 ml flow tubes. After 1 h, flow cytometry
analysis was performed on the cells.

Statistical analyses

250 All the data were analyzed using GraphPad Prism 8.0,
and three independent experiments were performed
to obtain the results. The data were expressed as mean
± SD (standard deviation). The two-tailed t-test was
used to analyze the differences between two groups,

255 whereas the one-way analysis of variance (ANOVA)
with Dunnett’s post hoc test was used to evaluate the
differences between multiple groups. P-values less
than 0.05 were regarded as statistically significant.

Results

260 ENO2 and miR-7-5p were identified as the
potential downstream interactome of ZFAS1 in
NPC

The WebGestalt algorithm (Figure 1a-b) and
Metascape algorithm (Figure 1c-d) were used to

265 enrich the pathway and GO terms of GSE48503
differentially expressed genes (DEGs). The results
showed that the glycolytic and HIF-1 pathways
were the primary enriched pathways in NPC
radioresistance. The glycolytic and HIF-1 path-

270 ways were also found to be closely associated with
the radioresistance of cancers [45–48]. Previous
studies have shown that hypoxia and hypoxia-

induced expression of HIF-1 could enhance the
resistance of cancer cells to radiotherapy [49,50].

275We thus hypothesized that the genes involved in
the glycolytic and/or HIF-1 pathways could have
a significant impact on NPC radioresistance. Our
findings revealed that ENO2 and EGLN3 were the
two genes with this potential. Thus, we used the

280STRING algorithm to further analyze the strength
of the interactions between the DEGs. Based on
our results, ENO2 showed the most interaction
evidence with its neighboring genes (Figure 1e).
For this reason, we chose ENO2 as our object of

285study.
After selecting ENO2, we identified common

miRNAs that were both downstream targets of
ZFAS1 and upstream regulators of ENO2. The down-
stream target miRNAs of ZFAS1 were obtained from

290the ENCORI database (http://starbase.sysu.edu.cn/),
and the upstream regulating miRNAs of ENO2 were
obtained from TargetScan Human 7.2 (http://targets
can.org/vert_72/). After that, the expression patterns
of the overlapped six miRNAs were eventually

295explored with the dbDEMC database (Figure 1f).
Our findings revealed that the six miRNAs were sig-
nificantly downregulated in NPC cells. Nonetheless,
we knew that miR-7-5p was a significant tumor sup-
pressor in many human cancers and that its role in

300NPC under irradiation has not yet been investigated.
To fill this gap, we selected miR-7-5p to be our
miRNA of interests.

ZFAS1 was upregulated in NPC cell lines and was
located in the cytoplasm

305ZFAS1 had a higher expression level in NPC tis-
sues than in adjacent healthy tissues (Figure 2a).
Besides, the expression of ZFAS1 was found to be
significantly more upregulated in NPC cell lines
(SUNE-1, 5–8 F and C666-1) than in normal nasal

310mucosal epithelial cell NP-69 (Figure 2b). The
outcome of our qRT-PCR analysis showed that
ZFAS1 was majorly located in the cytoplasm
(Figure 2c). Before further experiments were con-
ducted, we confirmed the transfection efficiency of

315ZFAS1 siRNAs in both cell lines (Figure 2d).
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ZFAS1 knockdown increased the radiation
sensitivity of NPC in vitro

To explore whether the knockdown of ZFAS1 could
increase the irradiation sensitivity of NPC cells, we

320 detected the survival outcomes of NPC cells under

different doses of irradiation treatments and under
different timing using CCK-8 assay. Our findings
indicated that apart from the increase in irradiation,
the knockdown of ZFAS1 decreased cell survival

325compared with the control group (Figure 3a). We

Figure 1. The identification of potential mRNAs and miRNAs that participated in NPC radioresistance.
KEGG pathway enrichment of GSE48503 DEGs using the WebGestalt algorithm (http://www.webgestalt.org/option.php). B. Panther
pathway enrichment of GSE48503 DEGs using the WebGestalt algorithm. C. The heatmap of GSE48503 DEGs. D. The enrichment
cluster of GSE48503 DEGs. E. STRING analysis revealed the interaction between the DEGs. F. The overlapped miRNAs of the targets of
ENO2 were predicted by TargetScan Human 7.2 and those of ZFAS1 were predicted by ENCORI.
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also found that exposure to 8 Gy irradiation pro-
duced the lowest survival rate in SUNE-1 and C666-
1 cell lines. In addition, under 8 Gy irradiation
treatment, the survival rate of both cell lines signif-

330 icantly decreased in a time-dependent manner
(Figure 3b). Next, we observed from the EdU
assay results that both si-ZFAS1s decreased the
proliferation of SUNE-1 and C666-1 cell lines com-
pared with the control group. The EdU positive rate

335 in ZFAS1 knockdown groups was significantly
downregulated in SUNE-1 cell lines (CON 56.76%
±5 vs. SI-ZFAS1 36.67% ±3 and SI-ZFAS2 40.74%
±4) and C666-1 cell lines (CON 63.46% ±6 vs. SI-
ZFAS1 46.51% ±4, SI-ZFAS1 45.31% ±4) (Figure

340 3c). Furthermore, the knockdown of si-ZFAS1
resulted in more apoptotic cells than did the control
group under 8 Gy irradiation treatments. We even
noticed that the apoptosis rate in ZFAS1 knock-
down groups was more than 2-fold compared to

345 the control group (Figure 3d).

ZFAS1: the upstream of miR-7-5p

The binding sequences of ZFAS1 (Figure 4a) on miR-
7-5p were obtained from ENCORI. To determine the

relationship between ZFAS1 and miR-7-5p, we car-
350ried out both luciferase reporter assay and RNA pull-

down assay. The result of the luciferase reporter gene
assay suggested that compared with other groups,
wild type ZFAS1 could bind with miR-7-5p to
decrease the fluorescence intensity (Figure 4b). RNA

355pull-down assay results also showed that ZFAS1 was
more enriched with miR-7-5p mimics than with anti-
sense oligo or miR-7-5p mutant (Figure 4c).
Moreover, the expression of miR-7-5p was significant
lower in NPC tissues than in the adjacent tissues

360(Figure 4d). After performing an experiment to detect
themiR-7-5p expression inNPC cell lines and normal
control cell line NP-69, we discovered that miR-7-5p
was significantly downregulated in NPC cell lines in
contrast to NP-69 (Figure 4e). It was also revealed that

365ZFAS1 had a negative association with miR-7-5p
(figure 4f). It is important to note that before we
conducted subsequent experiments, we examined
the transfection efficiency of certain molecules. To
be precise, after the transfection of si-ZFAS1 (si-

370ZFAS1-1), miR-892b inhibitor, si-NC and si-ZFAS1
+miR-7-5p inhibitor, we observed that the expression
of the si-ZFAS1 group was 1.5-fold more than that of
miR-7-5p and that the expression of the miR-7-5p

Figure 2. ZFAS1 was upregulated in NPC cells and located in the cytoplasm.
The different expression levels of ZFAS1 between NPC tissues and normal adjacent tissues were measured using qRT-PCR. B. The
different expressions of ZFAS1 between NPC cell lines (SUNE-1, 5–8 F, HNE-3and C666-1) and normal nasal mucosal epithelial cell
line (NP-69) were detected using qRT-PCR. **P < 0.01, compared with NP-69 cells. C. The expression of ZFAS1 at nuclear or
cytoplasm in SUNE-1 and C666-1 cell lines was measured using qRT-PCR. **P < 0.01, compared with the corresponding cytoplasm. D.
The transfection efficiency validation of si-ZFAS1-1 and si-ZFAS1-2, which are siRNAs that target ZFAS1 using qRT-PCR. **P < 0.01,
compared with the control group.
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inhibitor group was 75% less than that of miR-7-5p
375 compared with the control group. In addition, the

expression of miR-7-5p showed no significant differ-
ence between the co-transfection of the si-ZFAS1 and
miR-7-5p inhibitor group and the control group
(Figure 4g).

380ZFAS1 knockdown promoted the radiation
sensitivity of NPC cells by acting on miR-7-5p

To further discuss how ZFAS1 impacted on the
radiation sensitivity of NPC by regulating miR-
7-5p, we designed a rescue experiment. Our CCK-

3858 assay results suggested that si-ZFAS1 decreased

Figure 3. ZFAS1 knockdown weakened the radiation resistance of NPC cells in vitro.
The viability changes of NPC cell lines SUNE-1 and C666-1 after providing different doses of irradiation. B. At 8 Gy irradiation, the
survival rate of cells in every group was detected at 24, 48, 72, and 96 h in SUNE-1 and C666-1 cell lines. C. Average numbers of EdU
positive cells in SUNE-1 and C666-1 cell lines with 8 Gy irradiation. D. The cell apoptosis of SUNE-1 and C666-1 cell lines with 8 Gy
irradiation was detected using flow cytometry. **P < 0.01, compared with the control group.
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the viability of SUNE-1 cells at 48 h, 72 h and 96 h,
as well the viability of C666-1 cells at 72 h and 96 h.
This decrease was offset by the introduction of
miR-7-5p inhibitor in an environment of 8 Gy

390irradiation (Figure 5a). Also, the result of the EdU
assay was similar to that of the CCK-8 assay. While
the proliferation ability of SUNE-1 and C666-1 cells
significantly decreased in the si-ZFAS1 group, it

Figure 4. ZFAS1 was the upstream gene of miR-7-5p. A. The predicted binding sequences between ZFAS1 and miR-7-5p were
obtained from the ENCORI algorithm.
Luciferase reporter assay was used to determine the target relationship between ZFAS1 and miR-7-5p. **P < 0.01, compared with
the miR-NC group. NC: negative control. C. RNA pull-down assay was performed to demonstrate the association between ZFAS1 and
miR-7-5p. mut: mutant. **P < 0.01, compared with the antisense oligo group. D. The expression of miR-7-5p in NPC tissues and
adjacent tissues. E. The expression of miR-7-5p in NPC cell lines. *P < 0.05, **P < 0.01, compared with NP-69 cell line. F. ZFAS1
expression showed a negative relationship with miR-7-5p expression. G. The transfection efficiency of miR-7-5p inhibitor. **P < 0.01,
compared with the control group.
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increased in the miR-7-5p inhibitor group. We
395 noticed that the EdU positive rate in the si-ZFAS1

group dropped by 50% in SUNE-1 cells and 25% in
C666-1 cells, but it increased by 20% in the miR-
7-5p inhibitor group. After co-transfecting miR-
7-5p inhibitor and si-ZFAS1 into NPC samples,

400 we found that the proliferating cells increased in
contrast to the si-ZFAS1 group (Figure 5b). Besides,
we found that si-ZFAS1 promoted cell apoptosis,
while miR-7-5p inhibitor inhibited cell apoptosis in
SUNE-1 and C666-1 cell lines. The apoptosis rate in

405 the si-ZFAS1 group was more than 2-fold of that of
the control group, whereas the apoptosis rate in the
miR-7-5p inhibitor group was merely less than half
of that of the control group. The apoptotic cells
were finally recovered after the transfection of

410 miR-7-5p inhibitor and si-ZFAS1 (Figure 5c).

MiR-7-5p was the upstream target gene of ENO2
mRNA

Figure 6a illustrates the binding scheme predicted
by TargetScan Human 7.2 (http://www.targets

415 can.org/vert_72/) and shows the targeting rela-
tionship between miR-7-5p and ENO2 mRNA.
The binding relationship was validated using
dual-luciferase reporter gene assay and RNA pull-
down assay. The outcome of the luciferase repor-

420 ter assay demonstrated that wide-type ENO2
mRNA could be targeted by miR-7-5p and
decrease fluorescence intensity compared with
other groups (Figure 6b). RNA pull-down assay
results showed that ENO2 was significantly

425 enriched with the addition of miR-7-5p mimics
contrast to antisense oligo and miR-7-5p mutant
groups in both SUNE-1 cell line and C666-1 cell
line (Figure 6c). After carrying out qRT-PCR to
detect ENO2 mRNA expression in NPC tissues

430 and NPC cell lines, we found that ENO2 mRNA
was significantly upregulated in NPC tissues and
cells (Figure 6d-e). The expression of miR-7-5p
and ENO2 mRNA was negatively associated
(Figure 6f). In addition, we built cell models

435 stably transfected with si-NC, si-ENO2, miR-
7-5p inhibitor, and si-ENO2+ miR-7-5p inhibitor
for further experiments (Figure 6g).

MiR-7-5p inhibition enhanced the radiation
resistance of NPC cells by acting on ENO2 mRNA

440To further explore the role of miR-7-5p in influen-
cing the radioresistance of NPC cells by regulating
ENO2 mRNA, we performed rescue experiments.
The results of the CCK-8 assay suggested that in an
environment with 8 Gy irradiation, si-ENO2 signif-

445icantly weakened the cell viability of NPC cells with
the miR-7-5p inhibitor offsetting the effect at 72 h
and 96 h in both SUNE-1 and C666-1 cell lines
(Figure 7a). The EdU assay also demonstrated
a similar result with the CCK-8 assay: Cell prolifera-

450tion in SUNE-1 and C666-1 cell lines decreased in
the si-ENO2 group but increased in the miR-7-5p
inhibitor group. Furthermore, after the miR-7-5p
inhibitor was co-transfected with si-ENO2, we
found that the proliferation ability of the cells

455increased compared to the si-ENO2 group (Figure
7b). Besides, we found that si-ENO2 promoted cell
apoptosis by almost 50%, while miR-7-5p inhibitor
inhibited cell apoptosis by almost 50% in SUNE-1
and C666-1 cell lines. The cell apoptosis increased

460when miR-7-5p inhibitor and si-ENO2 were co-
transfected compared with the si-ENO2 group
(Figure 7c). Figure 8 illustrates the hypothesized
mechanism in NPC radioresistance involving
ZFAS1, miR-7-5p and ENO2. High ZFAS1 and

465ENO2 levels with low miR-7-5p level resulted in
more resistance to the irradiation of cancerous
cells. For instance, ZFAS1 promoted NPC cell’s
resistance to irradiation by downregulating miR-
7-5p, thereby releasing more ENO2 mRNA.

470Discussion

We observed in this research that ZFAS1 was sig-
nificantly upregulated in NPC tissues and ENO2,
while miR-7-5p was downregulated in NPC tissues.
Our results also revealed that ZFAS1 knockdown

475weakened radioresistance of NPC in vitro. We also
found that ZFAS1 could sponge miR-7-5p and reg-
ulate ENO2 targeted by miR-7-5p. To further
explore how ZFAS1 affected irradiation sensitivity,
we transfected miR-7-5p inhibitor and ENO2 siRNA

480to SUNE-1 and C666-1 cell lines with irradiation.
Overall, we discovered that ZFAS1 enhanced the
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radioresistance of NPC cells by sponging miR-7-5p
to upregulate ENO2.

Radiotherapy is currently the main treatment for
485 patients with NPC. However, because of the

radioresistance of NPC cells, the five-year survival
rate of NPC patients treated with radiotherapy is still
not ideal [51]. Some recent studies revealed that the
expression of some lncRNAs affected the radiation

Figure 5. The knockdown of ZFAS1 suppressed the radiation resistance of NPC cells by acting on miR-7-5p.
CCK-8 assay was used to detect the viability of SUNE-1 and C666-1 cells after transfecting with si-ZFAS1 or miR-7-5p inhibitor under
8 Gy irradiation. B. EdU assay was used to observe the cell proliferation of SUNE-1 and C666-1 cell lines after transfecting with si-
ZFAS1 or miR-7-5p under 8 Gy irradiation. C. The cell apoptosis in SUNE-1 and C666-1 cell lines after transfecting with si-ZFAS1 or
miR-7-5p inhibitor with giving 8 Gy irradiation by flow cytometry. *P < 0.05, **P < 0.01, compared with the control group; #P < 0.05,
##P < 0.01, compared with the miR-7-5p inhibitor group.
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490 resistance of NPC. For instance, higher levels of
lncRNA ANCR promoted the cell proliferation and
radiation resistance of NPC samples [52]. The
expression of lncRNA MINCR also promoted the
radiation resistance of NPC cells by regulating the

495 miR-223/ZEB1 axis [5]. Many studies confirmed
that the expression of ZFAS1 was related to the
drug resistance of multiple types of tumors. For
instance, a study reported that the expression of

ZFAS1 could enhance the drug resistance of acute
500lymphoblastic leukemia to Adriamycin [53]. In the

last two years, lncRNA ZFAS1 has been discovered
to promote the development of NPC by activating
the Wnt/β-actin pathway [54] and inhibiting the
PI3K/AKT pathway [55]. In our previous study,

505lncRNA ZFAS1 was also found to be highly
expressed in NPC tissues and to augment NPC by
regulating miR-893b-LPAR1 interactome [20].

Figure 6. MiR-7-5p was the upstream target gene of ENO2.
The illustration of the predicted binding sites of miR-7-5p and ENO2 mRNA. B. Luciferase reporter assay results showed that ENO2
was the downstream target gene of miR-7-5p. **P < 0.01, compared with the miR-NC group C. The RNA pull-down assay results
demonstrated the regulatory relationship between ENO2 and miR-7-5p. **P < 0.01, compared with the antisense oligo group. D. The
expression of ENO2 mRNA in NPC tissues and adjacent healthy tissues. E. The expression of ENO2 in NPC cell lines and normal cell
NP-69. *P < 0.05, **P < 0.01, compared with NP-69 cell line. F. ENO2 mRNA expression had a negative relationship with miR-7-5p
expression. G. qRT-PCR was used to observe the expression of ENO2 mRNA in SUNE-1 and C666-1 cells after transfecting with si-
ZFAS1 or miR-7-5p. **P < 0.01, compared with the control group.
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However, whether ZFAS1 could affect the radiation
resistance of NPC is unclear. We speculated that the

510 expression of ZFAS1 could enhance the radioresis-
tance of NPC. After performing a cytological

experiment, we observed that knocking down
lncRNA ZFAS1 inhibited the proliferation, migra-
tion and invasion of NPC cells but that it induced the

515apoptosis of NPC cells with irradiation treatment.

Figure 7. MiR-7-5p inhibition enhanced the radiation resistance of NPC cells by acting on ENO2.
CCK-8 assay results showed that si- ENO2 suppressed the cell viability of SUNE-1 and C666-1 cell lines, while miR-7-5p inhibition
promoted the cell viability at 8 Gy irradiation. B. EdU assay results indicated that si-ENO2 suppressed the growth of SUNE-1 and
C666-1 cell lines, while miR-7-5p inhibition enhanced the cell viability at 8 Gy irradiation. C. The cell apoptosis in SUNE-1 and C666-1
cell lines after transfecting with si-ENO2 and miR-7-5p inhibitor under 8 Gy irradiation. *P < 0.05, **P < 0.01, compared with the
control group; #P < 0.05, ##P < 0.01, compared with the miR-7-5p inhibitor group.
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Furthermore, we performed a bioinformatics ana-
lysis and found that lncRNAZFAS1 could sponge and
restrict the biological effects of miR-7-5p. In the last
10 years, miR-7-5p has been discovered to be a tumor

520 suppressor in various human cancers. It was found to
play a tumor-suppressing role in gastric cancer [56]
and colorectal cancer [57]. In a study that involved
patients with NPC, miR-7-5p was found to suppress
colony formation significantly [58]. As for radiation

525 resistance, one research revealed that miR-7-5p with
a high level of expression could promote the radiation
resistance of cervical cancer and hepatoma cancer cells
after being radiated (5 Gy and 10 Gy) [28]. However,
we found that the miR-7-5p inhibitor significantly

530 enhanced the radioresistance of NPC cells by promot-
ing cell proliferation, migration and invasion and

suppressing cell apoptosis. Moreover, miR-7-5p,
a downstreamof ZFAS1, could counteract the promo-
tive effect of ZFAS1 on radioresistant NPC cells.

535Changes in metabolic patterns are associated with
the development of cancer. This study found that the
glycolytic andHIF-1 pathways were closely related to
the radioresistance of NPC. According to the results
of previous studies, the glycolytic and HIF-1 path-

540ways were associated with the radioresistance of
cancers [45–48]. Hence, we identified key gene
ENO2 involved in glycolysis and the HIF-1 pathway
using the STRING algorithm. It was reported that
ENO2 could affect the proliferation of breast cancer

545cells [59]. ENO2 was also documented to be involved
in the glycolytic pathway in renal cell carcinoma [44]
and colorectal cancer [60]. As for chemotherapy

Figure 8. The illustration of the hypothesized mechanism involving ZFAS1, miR-7-5p and ENO2 in NPC radioresistance.
Basically, high ZFAS1 level, low miR-7-5p level, and high ENO2 mRNA level in NPC results enhanced radioresistance.
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resistance, ENO2 contributed to the chemotherapy
resistance of leukemia cells by promoting the pro-

550 gress of glycolysis [43]. After combining the results
of bioinformatics analysis and previous studies, we
predicted that ENO2 might influence the radioresis-
tance of NPC.

In this study, we proved that the expression of
555 ENO2was upregulated in NPC.We also showed that

the inhibition of ENO2 could repress the malignancy
of NPC cells with irradiation. Besides, our results
revealed that ENO2 could be targeted by miR-7-5p
in NPC. This means that this gene could regulate the

560 inhibitory effect of miR-7-5p on radioresistant NPC
cells. Also identified in this research was that ENO2
could shape the hypoxia response by regulating the
HIF-1 signaling. Previous studies have shown that
hypoxia could promote the radiation-resistant of

565 tumor cells [61,62]. Even though HIF-1 signaling
has been regarded as crucial signaling in the radio-
resistance of human cancers [63], we are yet to study
the role of ZFAS1 on tumor hypoxia and research
how ENO2 regulated the HIF-1α pathway. In addi-

570 tion, experiments on animals are yet to be conducted
to validate the effects of the interactome in vivo. In
conclusion, our experiment suggested that lncRNA
ZFAS1 acted as a radiation-resistance enhancer in
NPC. ZFAS1 could competitively bound with miR-

575 892b, thereby increasing the expression of ENO2 to
enhance the radiation resistance of NPC cells.
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